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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
impedance effect micro-magnetic sensor the 
temperature characteristic of which is stabilized and, at 
the same time, the power consumption of which can be 
reduced. 

SOLUTION: A magnetic impedance effect micro- 
magnetic sensor is provided with a head 2 which is 
excited in the peripheral direction by a pulse conducting 
current and is made of a magnetic material having high 
magnetic permeability, a coil 5 wound around the head 2 
in the peripheral direction, and an electronic switch 4 
which detects the first pulse of the voltage induced in 
the coil 5. Therefore, the temperature characteristic of 
the sensor can be stabilized and, at the same time, the 
power consumption of the sensor can be reduced. In 
addition, the sensor can obtain a high-linearity 
hysteresis-free magnetic field sensor characteristic due 
to a negative feedback effect. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) The magnetic impedance effectiveness micro magnetometric sensor characterized 
by providing the high permeability magnetic-substance head excited in the circumference 
direction with a pulse energization current, the coil wound in the circumference direction of (b) 
this high permeability magnetic-substance head, and the electronic switch which detects the 1st 
pulse of the induced voltage of (c) this coil. 

[Claim 2] It is the magnetic impedance effectiveness micro magnetometric sensor characterized 
by being the magnetic-substance head for which said high permeability magnetic-substance 
head used the amorphous magnetic substance in the magnetic impedance effectiveness micro 
magnetometric sensor according to claim 1. 

[Claim 3] It is the magnetic impedance effectiveness micro magnetometric sensor characterized 
by said amorphous magnetic-substance head being an amorphous wire in a magnetic impedance 
effectiveness micro magnetometric sensor according to claim 2. 

[Claim 4] It is the magnetic impedance effectiveness micro magnetometric sensor characterized 
by being the head to which said high permeability magnetic-substance head has a magnetic 
anisotropy in the circumference direction in a magnetic impedance effectiveness micro 
magnetometric sensor according to claim 1, 2, or 3. 

[Claim 5] It is the magnetic impedance effectiveness micro magnetometric sensor characterized 
by for said pulse energization current making said high permeability magnetic-substance head 
produce the skin effect in a magnetic impedance effectiveness micro magnetometric sensor 
according to claim 1, and generating the magnetic impedance effectiveness. 
[Claim 6] The magnetic impedance effectiveness micro magnetometric sensor characterized by 
providing the feedback coil which generates the negative feedback field which is made to impress 
the current which is proportional to sensor output voltage from the amplifier connected to said 
electronic switch in a magnetic impedance effectiveness micro magnetometric sensor according 
to claim 1, and offsets an external magnetic field Hex. 

[Claim 7] The magnetic impedance effectiveness micro magnetometric sensor characterized by 
raising the temperature stability according said high permeability magnetic-substance head to 
two heads, nothing, and common mode counter acting effect in a magnetic impedance 
effectiveness micro magnetometric sensor according to claim 1 or 6. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic impedance effectiveness micro 
magnetometric sensor which temperature stability is high and detects a minute field by high 
sensitivity and high-speed response. 
[0002] 

[Description of the Prior Art] As a conventional high sensitivity magnetometric sensor, there are 
a flux gate sensor and a magnetic impedance effectiveness micro magnetometric sensor (MI 
sensor) already proposed by the invention-in-this-application person (for example, refer to 
JP,9-133742,A and JP,9-329655,A). 

[0003] Although a flux gate sensor is a high sensitivity field sensor famous for having been used 
for moon MAG detection by the Apollo Project, in order that it may avoid the effect of an anti- 
field of the head edge by exciting by the alternating current field in the die-length direction of a 
head, it set the die length of a head as 20-30mm, and has realized the high resolution of 
MAIKUROGAUSU using the sensitivity over the external magnetic field of the flux reversal of the 
center section of the head. 

[0004] Because of this theoretic fault, by the flux gate sensor, the formation of a micro 
dimension of a head is impossible, and since the field detection sensitivity of a head edge is low, 
it is inapplicable to the head of magnetic recording, and the head for rotary encoders which 
detects the surface partial field of a high density magnetization object Chiefly, it is high 
sensitivity only to a uniform field. Several kHz of a speed of response is common because of the 
large amplitude excitation with a coil, and it is difficult to detect a field dozens of kHz or more. 
Furthermore, for this large amplitude excitation, power consumption is ten or more VAs, and 
there is difficulty in portability. 

[0005] Since the impedance makes it the principle to change sensitively by the external 
magnetic field and MI sensor does not produce an anti-field on the other hand by energizing the 
high frequency current or pulse current to the magnetic substance of a head, and making it 
generate the skin effect, Even if it sets a head as the micro dimension of 1mm or less short, the 
field detection power of MAIKUROGAUSU is demonstrated, the high-speed response of MHz is 
also easy, and further, since the power consumption of pulse current excitation and a pulsed 
magnetic field bias method MI sensor is about 10mW, it is rich in portability. 

[0006] The comparison of the fundamentality ability of a flux gate sensor and MI sensor is shown 
in Table 1. 



[0007] 
[Table 1] 
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[0008] Thus, since MI sensor is a super-high performance micro magnetometric sensor which 
has all of a micro dimension head, high sensitivity, a high-speed response, and four advantages 
of a low power, the utilization to an electromagnetic wave sensor, an electromagnetic wave 
signal analysis machine, an earth magnetism bearing sensor, a handicap earth magnetism sensor, 
a speed sensor, an acceleration sensor, etc. has expanded it quickly. 
[0009] 

[Problem(s) to be Solved by the Invention] However, since the conventional MI sensor was using 
diodes for RFs, such as a Schottky barrier diode, for detection, on the occasion of the 
application to the automobile field etc., jt became clear that it was the technical problem which 
the instability of the temperature characteristic should solve that direct-current output voltage 
is changed under the environment where the environmental temperature of a sensor is changed 
sharply. 

[0010] Moreover, since a bias field was impressed to a head and a linear field sensor was 
constituted from an old MI sensor, power consumption became comparatively large in many 
cases. 

[0011] This invention aims at offering the magnetic impedance effectiveness micro 
magnetometric sensor which can decrease power consumption while it removes the above- 
mentioned trouble and attains stabilization of the temperature characteristic. 
[0012] 

[Means for Solving the Problem] This invention possesses the high permeability magnetic- 
substance head excited in the circumference direction with a pulse energization current, the coil 
wound in the circumference direction of this high permeability magnetic-substance head, and the 
electronic switch which detects the 1st pulse of the induced voltage of this coil in a [1] MAG 
impedance effectiveness micro magnetometric sensor, in order to attain the above-mentioned 
purpose. 

[0013] [2] In the magnetic impedance effectiveness micro magnetometric sensor of the above- 
mentioned [1] publication, it is characterized by said high permeability magnetic-substance head 
being a magnetic-substance head which used the amorphous magnetic substance. 
[0014] [3] In the magnetic impedance effectiveness micro magnetometric sensor of the above- 
mentioned [2] publication, it is characterized by said amorphous magnetic-substance head being 
an amorphous wire. 

[0015] [4] In a magnetic impedance effectiveness micro magnetometric sensor the above [1], 
[2], or given in [3], said high permeability magnetic-substance head is characterized by being the 
head which has a magnetic anisotropy in the circumference direction. 

[0016] [5] Said pulse energization current makes said high permeability magnetic-substance 
head produce the skin effect, and make it generate the magnetic impedance effectiveness in the 
magnetic impedance effectiveness micro magnetometric sensor of the above-mentioned [1] 
publication. 

[0017] [6] In the magnetic impedance effectiveness micro magnetometric sensor of the above- 
mentioned [1] publication, make the current which is proportional to sensor output voltage from 
the amplifier connected to said electronic switch impress, and provide the feedback coil which 
generates the negative feedback field which offsets an external magnetic field Hex. 
[0018] [7] Raise the temperature stability according said high permeability magnetic-substance 
head to two heads, nothing, and common mode counter acting effect in a magnetic impedance 
effectiveness micro magnetometric sensor the above [1] or given in [6]. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail. 

[0020] First, the 1st example of this invention is explained. 

[0021] Drawing 1 is the block diagram of a magnetic impedance effectiveness micro 
magnetometric sensor (MI) sensor circuit showing the 1st example of this invention. 
[0022] In this drawing 0 magnetostriction amorphous wire and 2 1 MI component, 3Q1, Q2, Q3, 
Q4, Q5, and Q6 The power circuit which consists of the CMOS inverter and CR differential 
circuit of (74AC [ for example, ]04), The coil with which 4 was wound around the analog switch 
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(for example, 74HC4066), and 5 was wound in the circumference direction of 0 magnetostriction 
amorphous wire 1,6 — amplifier (for example, AD524) and 7 — a feedback coil and R1 — 3k — 
ohm, C1, C2, C3, and C4 are 100pF. 510kohm and R2 — 3kohm and R3 200kohm and R4 1 ohm 
and R5 5.1kohm and R6 2kohm and R7 2kohm and R8 

[0023] As shown in this drawing, the magnetic impedance effectiveness micro magnetometric 
sensor (MI sensor) circuit of this example The MI component 2 which formed the electrode in 
the both ends of 0 magnetostriction amorphous wire 1 of 2mm length and the diameter of 30 
micrometer with soldering is used as a head. Pulse current of about 5ns of build up time 
generated in the power circuit 3 which consists of a CMOS multivibrator and a CR differential 
circuit is impressed to the MI component 2, and it constitutes so that the induced voltage of the 
coil 5 of 40 turns wound in the circumference direction of this MI component 2 may be detected. 

[0024] The above-mentioned 0 magnetostriction amorphous wire 1 is a wire with which it has 
negative magnetostriction (-10-7) slightly, and the anisotropy is strictly guided to the 
circumferencial direction by tension annealing. Therefore, when the external magnetic field Hex 
of the wire die-length direction is 0, change of the magnetic flux by the energization pulse 
current of a wire 1 is only a circumferencial direction, a flux linkage with the coil 5 wound in the 
circumference direction of a wire 1 is 0, and the induced voltage of this coil 5 is 0. 
[0025] If an external magnetic field Hex is impressed, the magnetization vector of a wire 1 will 
incline in wire shaft orientations, and a magnetization vector will rotate to a circumferencial 
direction by the field of the circumferencial direction by energization pulse current The wire 
shaft-orientations component of the flux reversal at this time interlinks with a coil 5, and induced 
voltage occurs in a coil 5. The sign of the induced voltage of this coil 5 becomes the sign and 
reverse of an external magnetic field Hex. Migration of a magnetic domain wall is controlled for a 
skin effect, and only rotation of a magnetization vector produces a wire 1. The induced voltage 
of the coil [ in / for this magnetization actuation / this circuitry ] 5 turns into an electrical 
potential difference which is proportional to an external magnetic field Hex, without impressing a 
bias field like before, and the property of a linear field sensor is expressed. 
[0026] However, an induced voltage wave turns into LC oscillatory wave form by the stray 
capacity of a coil 5 instead of a pure pulse voltage waveform for the abrupt change of the flux 
linkage by steep pulse current Since only the 1st pulse shape of this oscillatory wave form 
changes to high sensitivity in proportion to an external magnetic field Hex, in order to constitute 
a high sensitivity field sensor, it is necessary to extract only the 1st pulse shape. Here, an analog 
switch 4 extracts only the 1st pulse shape. 

[0027] Drawing 2 shows the experimental result which made the value Eout which carried out 
the peak hold of the height of the 1st pulse of coil induced voltage for the axis of ordinate, and 
the axis of abscissa the impression field Hex. | It is Eout if Hex| is made to increase up to 0 to 
about 1.2 Oe(s). It increases in proportion to Hex and |Hex|>1.20e is Eout. It is decreasing. 
[0028] It is necessary to make the trigger pulse of this analog switch 4 into a leading phase from 
a wire energization pulse, and he is trying to delay a wire energization pulse for about 10ns 
through two inverters (Q3 and Q4). 

[0029] The height of the 1st pulse of the induction pulse voltage of this coil 5 is changed into 
direct current voltage in a peak hold circuit (R5 and C4), and serves as sensor output voltage 
with amplifier 6. The current proportional to sensor output voltage is impressed to a feedback 
coil 7, and generates the negative feedback field which offsets an external magnetic field Hex. 
[0030] According to this negative feedback effectiveness, as shown in drawing 3 , the field 
sensor property that no hysteresis with sufficient linearity is is acquired. 

[0031] Drawing 4 is drawing showing the temperature characteristic temperature characteristic 
of the output voltage of the magnetic impedance effectiveness micro magnetometric sensor of 
the 1st example of this invention, the rate of a drift of sensor output voltage is shown on an axis 
of ordinate(%), and temperature (degree C) is shown on the axis of abscissa by it 
[0032] In this drawing, b shows the measurement result of the temperature characteristic of the 
coil electrical-potential-difference detection type single head MI sensor according the property 
of MI sensor of a single head that a used the conventional Schottky barrier diode, to the 
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magnetic impedance effectiveness micro magnetometric sensor of the 1st example of this 
invention. 

[0033] It is change of zero electrical potential difference at the time of installing the whole 
sensor in an electric furnace and raising temperature from a room temperature to 80 degrees C, 
and it turns out [ of MI sensor of the former / incidence rate / to a full-scale electrical potential 
difference / of zero electrical potential difference ] by MI sensor of this invention that is 
decreased to 5 by about 1/. 

[0034] Next, the 2nd example of this invention is explained. 

[0035] Drawing 5 is the block diagram of a magnetic impedance effectiveness micro 
magnetometric sensor (MI sensor) circuit showing the 2nd example of this invention. 
[0036] In this drawing, the power circuit where 0 magnetostriction amorphous wire and 12 
include MI component, and, as for 13, 11 includes a CMOS multivibrator and CR differential 
circuit, Q1, Q2, Q3 and Q4, Q5, Q6, and Q7 (for example, 74AC04) constitute the CMOS inverter. 
Moreover, it has an analog switch 14 (for example, 74HC4066), coils 15 and 16, amplifier 17 (for 
example, AD524), and feedback coils 18 and 19. R1 5.1kohm and R2 3kohm and R3 200 ohms, R4, 
and R5 51kohm, R6, and R7 2kohm and R8 3k — ohm, C1, C2, C3, C4, and C5 are 100pF. 
[0037] He develops MI sensor circuit of the 1st example into 2 head circuits, and is trying to 
constitute the good sensor of temperature stability from this 2nd example by offsetting common 
mode noise. 

[0038] Drawing 6 is drawing showing the temperature characteristic of the output voltage of the 
magnetic impedance effectiveness micro magnetometric sensor of the 2nd example of this 
invention, the rate of a drift of sensor output voltage is shown on an axis of ordinate(%), and 
temperature (degree C) is shown on the axis of abscissa by it. 

[0039] In this drawing, b shows the measurement result of the temperature characteristic of the 
coil electrical-potential-difference detection form 2 head MI sensor according [ c ] the 
measurement result of the temperature characteristic of the coil electrical-potential-difference 
detection type single head MI sensor according the property of MI sensor of a single head that a 
used the conventional Schottky barrier diode, to the magnetic impedance effectiveness micro 
magnetometric sensor of the 1st example of this invention to the magnetic impedance 
effectiveness micro magnetometric sensor of the 2nd example of this invention, respectively. 
[0040] The result whose temperature stability by common mode counter acting effect improved 
by about 4 times by the 2 head MI sensor was obtained so that clearly from this drawing. The 
drift of zero electrical potential difference in a 30 degrees C - 75 degrees C temperature change 
is 0.4%, and the high stability characteristics of 0.01 %FS/** were realized. 

[0041] In addition, this invention is not limited to the above-mentioned example, and based on 
the meaning of this invention, various deformation is possible for it and it does not eliminate 
these from the range of this invention. 

[0042] For example, MI sensor which extracts and carries out the peak hold of the 1 st pulse of 
the electrical potential difference between the both ends of MI component which carried out 
pulse energization with an analog switch is also contained. 
[0043] 

[Effect of the Invention] As mentioned above, according to this invention, the following 
effectiveness can be done so as explained to the detail. 

[0044] (A) Power consumption can be decreased while attaining stabilization of the temperature 
characteristic. 

[0045] (B) According to the negative feedback effectiveness, a field sensor property without a 
hysteresis with sufficient linearity can be acquired. 

[0046] (C) Improvement in the temperature stability by common mode counter acting effect can 
be aimed at 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the magnetic impedance effectiveness micro (MAG MI) 
sensor circuit showing the 1st example of this invention. 

[Drawing 2] It is the property Fig. of a coil pulse-voltage pair field showing the 1st example of 
this invention. 

[Drawing 3] It is the property Fig. of the field (**10e, 100Hz) detection by the magnetic 
impedance effectiveness micro MAG (MI) sensor in which the 1st example of this invention is 
shown. 

[Drawing 4] It is drawing showing the temperature characteristic of the output voltage of the 
magnetic impedance effectiveness micro MAG (MI) sensor in which the 1st example of this 
invention is shown. 

[Drawing 5] It is the block diagram of the magnetic impedance effectiveness micro (MAG MI) 
sensor circuit showing the 2nd example of this invention. 

[Drawing 6] It is the property Fig. of the temperature of the output voltage of the magnetic 
impedance effectiveness micro MAG (MI) sensor in which the 2nd example of this invention is 
shown. 

[Description of Notations] 

Q1, Q2, Q3, Q4, Q5, Q6, Q7 CMOS inverter 

1110 magnetostriction amorphous wire 

2 12 MI component (head) 

3 13 Power circuit 

4 14 Analog switch 
5, 15, 16 Coil 

6 17 Amplifier 

7, 18, 19 Feedback coil 
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DRAWINGS 



[Drawing 1] 
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[0 0 2 5] ^g|5^#Hex #3tfD£*L<5£, 7><-Vl<0 

3^/U5 OSije«EEO W*f4^a5«#H«x Off-^ t Sic 

/^5o i7^iritt*&»*^fc»«ll<o»«i*saifB-* 

[0 0 2 6] L*»U A*ft^/^*j«^J:6«SEaB*[ 
ft^-e*<. 3-f/w5<o»iB*»-Jt6LCStbK»i: 



(4) 
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ex (cjt«bTS5««jwaE<k-r-6fe«>, KiRKrajMr>* 

[0 0 2 7] B2I1 

a^Hex £ Ufc*§ttS***-f, i Hex | fcO^fa 
1. 2 .0 e £X*gJ0£i*:<5 ts Eout HHex Idifc^J LX 
*B*DU I Hex |>1. 20ett*liEo« ^>lt 

[0 0 2 8] ^<DT1-uJf*'< iy^4<D h V tf^/UX 

y^iriiS^/^^fi 2<BtfM >v*— * (Qa , Q4 ) &r 

3IUX&J 1 0 n slWi^att^o 
[0 0 2 9] Z<D=is( /V5 0il2/^^1E^1/^ 
— /UKEft (Rs , C4 ) "CESfcW 

[0 0 3 0] ^(7)ftffiil^^J:oT, 0 3(^-TJ:5 

[0031] m 4 n*ftW<om i iiaM^a*^ > tr— 

g#tt^tni-efc^ aiiiii:tyfta*«E©Ky7 
h# (%) . *MicflLK (X) t^tTir^, 

[0 0 3 2] ^<OH^*3l^T. ali»>>3 7K^ 

^ ^ d BSft-fe viMc J: -5 = /^WJEtfcffi > KM 

[0 0 3 3] tyfiMl«^i:Sft. 

19. ;£3§^M Iir^lhXfl, /^«E(^S*i" 
5 0 1E^4¥^^^M Iir ^-^cott 1 / 5 \z.W& 

[0 0 3 4] **W©JB2jat«I^Ol^"CttWi- 

[0035] msn*¥£W<Dm2mmiz^mn.4i/ 

[0 0 3 6] ^OBH*3^r % 11(10117^7 7 
*?>fi?\ 12|1MIS^ 1 3(iCMOS-7/^/M 
^u- ^ c R«»iaiS*r*tf WBliaiS, Qi , Q2 , 
Qs, Q4 , Qs , Qe , Q7 (MZ-tfs 7 4AC0 
4) ttC - MO S-f LT^S. Sfc* T 

to^>fyf 14 (fcl&tf* 7 4HC4 0 6 6) , =« 
*f/H 5, 16, 7>^1 7 (flUx.fi* AD 5 2 4) . 
»a3^/H8, 19£H;iX^5 0 Ri H5. Ik 



6 

Q N R2 113 kQ N Rs I12 0 0Q> R4 , Rs fi 5 1 
kQ, Re , R7 *12 kQ, Ra (13kQ> Ci , 
Cz , Cs , C4 , Csfil 0 0 p FX&60 

[0037] r©jg2iais« - eji, iiiiPMit 

[0 0 3 8] H! 6 t±#3891 2 ItlfeW^aS^-f V t:°- 
(%) , MCM CC) ^Itt^, 

[0 0 3 9] £OBfcl*3Vvt\ ali«*^3 7^- 
/<yr^t- K&JBl^fcH^S' KOM I <0*W4 

^^^n««^^^J:5 = -f /^«JE*ai?K*^y KM 
I i? >-9-oiaK«rtt<oaySj|S*Sr, c fi#3&9l<Z5fB 2 % 

20 [0 0 4 0] Z.<Dmfrh91bfrte£ 5t-. 2^yKMI 
j&s«&4ffiP^fRj±Ufeie*36S»?>*xfco 3 Ot-7 5X:^ 

ffimmfc\z&rtz>onE.<o Ky^huo. 4%x&*k 

o . o l %f s/TCO*Sc*»ttd«sm*ixfc. 
[0 0 4 1] ft*5. **Wtt±IB»lt««3:ia3e*ixSfc 

[0 0 4 2] ^lI^L^s ^/V^aS®b7tM I St^f-tOMSRO 
30 OiE^I1^^7tn^-f ^ftttttilTt:- 
^zfr — /U K1"£M I ir^t^^^Sc 
[0 0 4 3] 

•fcjfrtf. ^J:9*jam^*-rsr £a*X#5 0 
[0 0 4 4] (A) taff Wtt(OS^fc;S:H 5 £ t> 

[0 0 4 5] (B) *«H»*l:«toT, fi*jH4<£>Al> 

40 [0 0 4 6] (c) ^^y^e-KMMia^^gg 

[h i ] *¥zw<om i nmMz^-rm^^t'-yi/* 

a»*^>f (MI) -fc>"tMaK<0«fi!tH-e*>So 

[0 2] jBK«S:*-r3>r/w^^mBE» 

[121 3] ^p^i i ^SM^^f^^f y t-^y^a 

(MI) ir^lM^J:^a* (±10e, 
10 0Hz) fca<04W*B 
so [B4] ja*««r^«*-f ^^-^^ 



(5) 
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(mi) j £>v<Dm*jmj£<wm&i± 

S»*W*p«* (MI) *>-*iaK^*riffl-C*>5, 

^nasss (mi) -fe^<otb*tt£E^iaa[^w 

Qi , Qz , Q3 , Q4 , Qs f Qg , Q7 C-M 







1,11 


0 117^7 r * 17 ir 


2, 12 


Mllf (—5/ K) 


3,13 




4, 14 




5, 1 5, 


1 6 n-f/U 


6,17 




7, 1 8, 


19 (JSa^/P 



[Ell] 



[@2] 



-t>- 



Is" \s° is* \s° I *~ 



Q, 0, Q« C, 




R«> 2 



0.4 

~ 0.2 
0.1 
0 

-0.1 
-0,2 
-0.3 
-0.4 



m 








K 




V 








V 




n 




-7 





■320 .240 .160 -80 0 BO 160 240 320 





